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CP (Commercially Pure) titanium has been widely used in various industries such as in energy plants and bio-materials
because of an excellent corrosion resistance and its non-toxicity to the human body. But there are limitations for usage as
structural materials due to low strength. The tensile properties of CP titanium could be improved by microstructure refine-
ment such as in a SPD (Severe Plastic Deformation) process. However, high strengthening of CP titanium wire is impossi-
ble by SPD processes like ECAP (Equal Channel Angular Pressing), HPT (High-Pressure Torsion), and the ARB
(Accumulative Roll Bonding) process. The study purposes are to increase the strength of CP titanium wire by optimization
of the cold drawing process and the harmonization with mechanical properties by heat treatments for the next forming pro-
cess. The optimization process was investigated with regard to the design of drawing dies and the reduction ratio of cross
sections. The elongations of high strength CP titanium were controlled by heat treatment.
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NOMENCLATURE

B.D = Wire diameter before drawing
A.D = Wire diameter after drawing
D.L = Drawing load

D.S = Drawing stress

R.A =Reduction of area
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Table 1 Chemical composition of CP Titanium

Chemical composition (wt.%)
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Fig. 1 (a) Optical micrographs of CP Titanium, (b) Tensile test
results of CP Titanium
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Table 2 Drawing stress and load of each pass

B.D AD DL DS RA

(mm)  (mm) ) (MPa) (%0)
Ipass 1.2 1.045 14603 17026 242
2pass  1.045 0.91 110.76 17030 242
3pass 0.91 0792 8422 17096 243

4pass 0.792 0.69 63.47 169.74 24.1

Table 3 Mechanical property of CP Ti wire before and after cold

drawing
YS UTS El Hardness
(MPa) (MPa) (%) (Hv)
As-Received 324.7 388.2 21.5 139.8
1pass 558.8 621.2 8.0 173.2
2pass 671.9 711.8 7.2 191.5
3pass 697.3 743.5 6.3 207.5
4pass 715.4 802.9 3.0 218.3
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Fig. 2 Stress-Strain curve of CP Ti wire before and after cold
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Fig. 3 Optical micrographs of CP titanium by drawing pass
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Fig. 4 Mechanical properties of high strength CP Ti by annealing
conditions
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Fig. 5 TEM microstructures of cold worked (a), (c) and annealed
CP Ti samples (b), (d)
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